The genus Dorema (Apiaceae) is represented in the flora of Iran with seven species of which two, D. ammoniacum D. Don. and D. aucheri Boiss. are endemic. Ripe fruits of D. ammoniacum collected just in the deciduous time were subjected to hydrodistillation to yield the essential oil, which was subsequently analyzed by GC and GC-MS. Twenty-nine compounds were identified and quantified, representing 95.1 % of the total oil. (Z)-Ocimenone (22.3 %) and (E)-ocimenone (18.1 %) were the main components of the oil. In vitro antimicrobial activity of the oil was evaluated against seven Gram-positive and Gram-negative bacteria (Bacillus subtilis, Enterococcus faecalis, Staphylococcus epidermidis, Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa and Klebsiella pneumoniae) and three fungi (Candida albicans, Saccharomyces cerevisiae and Aspergillus niger). The results of the antimicrobial assay of the oil by the disc diffusion method and the MIC values indicated that the oil exhibited moderate to high antimicrobial activity, especially against B. subtilis and S. epidermidis with MIC value of 3.75 mg ml -1 .
INTRODUCTION
Essential oils obtained from many plants have recently gained in popularity and scientific interest. Many plants are used for different purposes, such as food, drugs and perfumes. Researchers are interested in biologically active compounds isolated from plant species for the eradication of pathogenic microorganisms because of the resistance that microorganisms have acquired against antibiotics. 1 The genus Dorema D. Don. (Apiaceae) is represented in the flora of Iran by seven species, among which two are endemic, D. ammoniacum D. Don. and D. aucheri Boiss. 2, 3 D. ammoniacum, a vulnerable species, grows to a height of about 1-2 m and in spring and early summer contains a milky juice. It is one of the most important endemic medicinal plants in many arid and semi-arid regions of Iran, such as the Yazd, Isfahan and Semnan provinces, which are known by the local Persian names of Kandal, Vasha and Koma-kandal. [2] [3] [4] D. ammoniacum produces a medicinal gum resin, commonly known as ammoniacum gum, which is found in cavities in stems, roots, and petioles. 5 The resin exudes from punctures in the stem, which can occur from insect attack. The resin serves as a carminative, diaphoretic, mild diuretic, expectorant, poultice, stimulant, antimicrobial, and vasodilator agent. 6 It is still used in Indian and Western Medicine and is listed in the British pharmacopoeia 4 as an antispasmodic and expectorant. It is occasionally used for chronic bronchitis and persistent coughs. 5 The antimicrobial activity of the dichloromethane-methanol (1:1) extract of the plant gum was previously reported. 7 A literature survey revealed that the essential oil compositions of D. aucheri aerial parts 8 and D. ammoniacum leaves 9 have already been reported. However, the chemical composition and antimicrobial activity of the essential oil of D. ammoniacum fruit has not hitherto been investigated, and hence the present study was focused on the possible uses of this oil in pharmacy and pathogenic systems.
EXPERIMENTAL

Plant material
Ripe fruits of D. ammoniacum were collected just in deciduous time from the Semnan Road toward Firoozkuh after Bashm Defile (35° 46' 11" N, 52° 52' 38" E and altitude of 1300 m), Semnan Province, Iran. A voucher specimen (AS-85406) was deposited at the Herbarium of Ecology and Systematic Department, Research Institute of Applied Science, Shahid Beheshti University, Tehran, Iran.
Isolation of the essential oil
Dried fruits of the plant (500 g) were hydrodistilled using a Clevenger type apparatus for 3 h according to the method recommended in the British Pharmacopoeia (1993). 10 The resulting essential oil was dried over anhydrous sodium sulfate and stored at 4 °C until analyzed and tested.
GC and GC-MS analyses
The GC-FID analysis of the oil was conducted using a Thermoquest-Finnigan instrument equipped with a DB-5 fused silica column (60 m×0.25 mm i.d., film thickness 0.25 μm). Nitrogen was used as the carrier gas at the constant flow of 1.1 ml min -1 . The split ratio was 1.50. The oven temperature was increased from 60 to 250 °C at a rate of 5 °C min -1 . The injector and detector (FID) temperatures were maintained at 250 and 280 °C, respectively. The GC-MS analysis was performed on a Thermoquest-Finnigan Trace GC-MS instrument equipped with the same column and temperature programming as given for the GC analysis. The transfer line temperature was 250 °C. Helium was used as the carrier gas at a flow rate of 1.1 ml min -1 with a split ratio of 1/50. The constituents of the essential oil were identified by calculation of their retention indices under temperature-programmed conditions for n-alkanes (C6-C24) and the oil on a DB-5 column under the same conditions. Identification of individual compounds was made by comparison of their mass spectra with those of the internal reference mass spectra library (Wiley 7.0) or of authentic compounds and confirmed by comparison of their retention indices with those of authentic compounds or with those reported in the literature. 11 Semi-quantitative data was obtained from the FID area percentages without the use of correction factors.
Microbial strains
Ten microbial strains were used which included; Bacillus subtilis (ATCC 465), Enterococcus faecalis (ATCC 29737), Staphylococcus aureus (ATCC 25923), Staphylococcus epidermidis (ATCC 12228), Escherichia coli (ATCC 25922), Klebsiella pneumoniae (ATCC 10031), Pseudomonas aeruginosa (ATCC 85327), Aspergillus niger (ATCC 16404), Candida albicans (ATCC 10231) and Saccharomyces cerevisiae (ATCC 9763).
Antimicrobial screening
The antimicrobial activity of essential oil was determined by the disk diffusion method. 12 Briefly, 0.1 ml of a suspension of the test microorganism (10 8 cells ml -1 ) was spread on Mueller-Hinton Agar plates for bacteria and Sabouraud Dextrose Agar for the fungi. Sterile 6 mm disks, each containing 10 μl of essential oil were placed on the microbial lawns. The plates were incubated at 37 °C for 24 h for the bacteria and at 30 °C for 48 h for the fungi. The diameters of the zones of inhibition were measured and are reported in mm. Triplicate tests were performed in all experiments.
Determination of minimum inhibitory concentration (MIC)
The MIC values were determined by the broth microdilution assay. 13 Serial two-fold dilutions of the essential oil were made in Mueller-Hinton Broth containing 0.5 % Tween 80 for the bacteria and Sabouraud Dextrose Broth with 0.5 % Tween 80 for the fungi in 96-well micro titer plates. Fresh microbial suspensions prepared from overnight-grown cultures in the same media were added to give a final concentration of 5×10 5 organisms ml -1 . Controls of medium with microorganisms or the essential oil alone were included. The microplates were incubated at 37 °C for 24 h for the bacteria and 30 °C for 48 h for the fungi. The first dilution with no microbial growth was recorded as the MIC.
RESULTS AND DISCUSSION
Essential oil analysis
The hydrodistillation of D. ammoniacum fruits gave a yellow oil in 0.09 % (w/w) yield, based on the dry weight of the fruit. Twenty-nine components were identified representing 95.1 % of the total oil. The qualitative and quantitative essential oil compositions are presented in Table I , in which the compounds are listed in order of their elution on the DB-5 column. The major constituents of the oil were (Z)-ocimenone (22.3 %), (E)-ocimenone (18.1 %) and β-cyclocitral (9.9 %). (Z)-and (E)-ocimenone were previously reported as the main compounds of the essential oil of Ferula latisecta (Apiaceae). 14 The classification of the identified compounds based on the major groups is summarized at the end of Table I and shows that oxygenated monoterpenes (58.4 %) were the main group of com- 
Antimicrobial activity
The essential oil of D. ammoniacum was tested against four Gram-positive and three Gram-negative bacteria, as well as three fungi. The results of antimicrobial activity of the essential oil according to the disc diffusion method and MIC values indicated that the essential oil has moderate to high inhibitory activity against the tested bacteria, except for two microorganisms, P. aeruginosa and A. niger (Table II) . The most sensitive microorganisms were B. subtilis, S. epidermidis and S. aureus with inhibition zones of 23, 22, 17 mm and MIC values of 3.75, 3.75 and 7.5 mg ml -1 , respectively. Five microbial strains, E. coli, E. faecalis, K. pneumoniae, S. cerevisiae and C. albicans were found to be less sensitive to the oil. The obtained results showed that Gram-negative bacteria and fungi are more tolerant to the antimicrobial activity of the essential oil than Gram-positive bacteria. a Zone of inhibition (in mm) includes diameter of the disc (6 mm); b minimum inhibitory concentration values as mg ml -1 . (-) inactive; (7-13) moderately active; (> 14) highly active; nt, not tested CONCLUSIONS Chemical characterization and antimicrobial screening studies on plantbased essential oils could lead to the discovery of new natural antimicrobials. Although the antimicrobial activity of the dichloromethane-methanol (1:1) extract of the plant gum was previously studied, 7 the present study is the first report on the antimicrobial activity of the essential oil from the fruits of D. ammoniacum. The oil showed promising antimicrobial activity against B. subtilis, S. epidermidis and S. aureus. Rajani et al. reported that ammoniacum gum extract has excellent antimicrobial activity. 7 The present results also indicate that the essential oil of D. ammoniacum has antimicrobial activity; hence a scientific basis is provided for the traditional use of D. ammoniacum for bronchitis, respiratory infections, fever, cold and flu. 7 
